The sustainable development of the rice sector in Ghana is constrained by environmental, socioeconomic, research and development factors. Productivity is generally low, about 1 mt/ha under upland and rain-fed lowland rice ecologies which dominate rice production systems in the country. The release and diffusion of the New Rice for Africa (NERICA) varieties across many countries in Africa (including Ghana) brought renewed hope to both farmers and the research community because of the desirable qualities associated with the NERICAs, and therefore their potential to improve food security on a sustainable basis. This study therefore sought to assess the extent of exposure and adoption of the NERICA varieties across the rice growing districts in Ghana, and determine the key factors that affect adoption. A total of 489 rice producing households from three districts (Ejura-Sekyedumase, Hohoe and Tolon-Kumbungu) were involved in the study. The study employs the average treatment effect (ATE) methodology which provides an appropriate framework for the identification and consistent estimation of the population adoption rate and that of the determinants of adoption. The study finds that exposure to NERICA varieties is generally low in Ghana with an average rate of about 6%. Similarly, the adoption of improved rice varieties is low, and the adoption of NERICA varieties is about 6% of the total sample surveyed. The study shows that experience, education and location are important determinants of exposure, while age and access to extension also affect adoption. It is therefore recommended that much effort and resources should be invested in promotional activities to facilitate both the exposure and adoption of the NERICAs among farmers in Ghana.
INTRODUCTION
Rice has become an ideal substitute for most traditional coarse grains and the root and tuber crops in Africa. In addition to changing food preferences in both urban and rural areas, high population growth and rapid urbanization *Corresponding author. E-mail: samasum@ug.edu.gh or asumbre20@hotmail.com. Tel: 233 244 287821. have further compounded the situation. It is reported that by the early 2000s the share of rice in cereal consumption had reached 26% from an initial level of 15% in 1973 15% in (WARDA, 2003 . Indeed rice consumption in Sub-Saharan Africa (SSA) has increased by about 5% per annum in the last decade.
As in the case of most economies in Africa, Ghana is not self sufficient in rice production and therefore rely heavily on imported rice to make up for the gap in domestic demand (SRID/MoFA, 2009; Aggrey-Fynn, 1999) ; despite the recorded increases production growth (EAAE, 2007) . It is estimated that the country currently spends over US $300 million annually to import rice for local consumption. Apparently, countries in the West African sub-region are in similar position and depend on imports to fill the gap between domestic demand for rice and production. During the past decade, West Africa has obviously become a significant player on the world rice markets mainly due to increasing share of world rice imports, which presently stands at about 8.4% per annum (WARDA, 2003) .
By early to mid 1970s, Ghana was self sufficient in rice production and even had some for export. However, currently commercial rice imports account for over 60%, food aid about 2%, and domestic production about 37% of total rice consumption (Asuming-Brempong and Osei-Asare, 2007) . The Ghanaian economy has since the year 2000 witnessed rapid increases in rice imports. This is said to be the result of structural changes in consumer behaviour as induced by continuous increase of per capita income in a society that has become more urbanized (EAAE, 2007) .
Sustainable development of the rice sector in Ghana is constrained by environmental, socioeconomic, research and development factors. As climate change progresses, recurrent drought in upland ecologies, as well as drought and flash floods in rain-fed lowland ecologies pose severe challenges to the largely rain-fed rice production systems in Ghana. The rice production system is also faced with an unreliable input supply system. The inputs provided may be inadequate and supplied at the wrong time. Lack of effective seed delivery systems can also delay the timeliness of farm operations. Moreover, farmers lack adequate access to simple farm equipments such as power tillers, and in case of their availability there is no credit facility to support outright purchase or hiring of the services of such items. The existing research and extension system is weak and poorly supported. As such, rice technologies suitable for irrigated and rain-fed lowland (or swamp) areas are generally unavailable to a majority of farmers.
In the face of the difficulties that face the rice sector in many African countries, the release and diffusion of the New Rice for Africa (NERICA) varieties across many countries in West, East and Central Africa brought renewed hope to both farmers and the research community. This is because of the desirable qualities associated with the NERICAs such as high yields, early maturing, and disease resistance, and therefore its potential to improve Africa's food security on a sustainable basis. The main objective of the study was therefore to assess the extent of exposure and adoption of the NERICA varieties across the rice growing districts in Ghana, and determine the key factors that affect adoption. in Ghana, namely the Guinea Savanna and Forest-
The study was conducted in two agro-ecological zones Guinea Savanna Transition zones. The districts covered were Tolon-Kumbungu in the Guinea Savanna, Ejura-Sekyedumase in the Transition zone, and Hohoe also in the Transition zone. These districts represent key rice producing areas in the country and feature three rice ecologies, namely: upland, rain-fed lowland, and irrigated rice ecologies. Within each district, averages of 5 communities were randomly selected from a list of rice producing communities where participatory varietal selection (PVS) has been conducted, referred to as NERICA villages. Another set of 5 communities were randomly selected from a list of villages that are 10 km away from the NERICA villages. A total of 489 rice producing households, 115 from Ejura-Sekyedumase, 203 from Hohoe and 171 from Tolon-Kumbungu districts, were involved in the study.
METHODOLOGY
The average treatment effect (ATE) methodological framework was adopted for the study. The ATE considers a "treatment" (exposure for adoption impact) as necessary condition for impact. Diagne and Demont (2007) have shown that the usually computed rates of adoption estimators suffer either non-exposure bias or from selection bias. As a consequence, even when the sample is randomly selected, they generally yield biased and inconsistent estimates of population adoption rates and their determinants. It is assumed that farmers who are not exposed to a new technology cannot adopt it. Also, a farmer who adopts a new technology has some knowledge about it. Estimates of adoption rates which do not control for exposure are therefore subject to non-exposure bias. They are rather consistent estimators of the joint probability of exposure and adoption. Due to incomplete diffusion, non-exposure bias may results in the underestimation of the true population adoption rate.
In the case of agricultural technologies, exposure is partly the choice of a farmer. A farmer may decide to join or leave a promotional exercise and become non-exposed. Most often, farmers are categorized as progressive or laggards during the promotion of technologies. In the end, the progressive farmers may be exposed while the laggards may not be exposed to the technology. For these reasons, estimates of adoption rates from an exposed sub-population are also subject to self selection bias. They are inconsistent estimates of the true population adoption rate and are likely to overestimate the true population adoption rates. Due to non-exposure bias, observed sample proportion of adopters does not consistently estimate the true population adoption rate even with a random sample. For the same reasons of non-exposure bias and selection bias, the causal effects of the determinants of adoption cannot be consistently estimated using a simple Probit, Logit, or Tobit adoption model that does not control for exposure (Besley and Case, 1993; Dimara and Skuras, 2003) .
The true population adoption rate is defined in the treatment effect literature as the average treatment effect (ATE) (Wooldridge, 2002) . ATE measures the impact of a "treatment" on a randomly selected farmer in the population. The difference between the population adoption rate and the actual adoption rate is the nonexposure bias. It is a measure of the "adoption gap" in the population (Diagne and Demont, 2007) .
ATE framework
The treatment effect estimation is based on a counterfactual outcome framework. A randomly selected farmer from the population has two potential adoption outcomes, 1 a when the farmer is exposed to the technology and 0 a for the non-exposed Vytlacil, 2007a, 2007b; Wooldridge, 2002) . The outcomes can be either adoption status or intensity. The expected population adoption impact of exposure is also referred to as the average treatment effect (ATE), which can be derived as follows:
Where i TE represents the treatment effect on farmer i , ,1 i a the potential adoption outcome when farmer i is exposed and ,0 i a as the potential outcome when not exposed. In real life, an outcome and its counterfactual cannot be observed of any given farmer. It is therefore impossible to measure otherwise, the impact on the exposed sub-population or ATE on the treated (ATE1) can be obtained as a conditional expected value. In the same way, the expected adoption impact on the non-exposed sub-population ATE on the untreated (AET0) can be derived. These are given as follows:
Equations 3 and 4 show consistent estimates of the average impact on the exposed and non-exposed sub-populations. If
represent the probability of exposure, then the expected adoption impact on total population, ATE, can be obtained by taking the difference of equations 3 and 4 to obtain:
From here, the expected non-exposure bias (NEB) or adoption gap and the population selection bias (PSB) or the expected bias from using the sample average adoption rate among the exposed can both be obtained:
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Adoption can also be obtained as observed outcome a as:
Empirical models
The ATE methodology provides an appropriate framework for the identification and consistent estimation of the population adoption rate and that of the determinants of adoption. The identification of the ATE is based generally on the conditional independence assumption. This assumption states that the treatment status is independent of the potential outcomes conditional on an observed set of covariates. It is shown by Diagne and Demont (2007) that the ATE adoption model can be estimated as a pure parametric or by two stage approach. This study employs the parametric regressionbased method where the covariates are possibly interacted with treatment status variable (to account for any heterogeneous impact).
Following the average treatment effect methodology, a parametric exposure and adoption models were estimated to assess the determinants of adoption. In order to describe the probability of exposure and adoption of improved rice varieties, variables that describe the farmers' characteristics, farm level characteristics and institutional characteristics were used as explanatory variables. Age of the farm household head was used as a proxy for experience in rice production. It was hypothesized that older farmers have rich store of experience in agricultural operations and were more enlightened about the benefits of improved technologies. They were therefore expected to be more likely to adopt. Household size per unit rice area was also expected to have positive effect on the adoption of improved rice varieties since most household members provided family labor to support farming activities.
Institutionally, proximity to research and development institutions suggests access to information on improved technologies. The farm households in Tolon-Kumbungu who are more closely located to CSIR-SARI and the University for Development Studies were expected to be more likely to adopt. Moreover, extension was expected to positively affect adoption. Also, the expected return from improved rice cultivation which in this case is measured by the rice revenue during the year is also expected to have positive effect on adoption. The empirical models for the study are stated as follows:
Empirical model for exposure to NERICA: Where ANERk -(Dependent variable) Dummy variable representing whether farmer k adopted NERICA or not (adopted =1, otherwise =0); GENDER -Sex of farmer (Male =1, Female = 0); AGE -Age of farmer (years); EDUC -Educational level of farmer (years); RV05 -Revenue realised from sale of rice produced during the year (GH¢); HHS -Household size of farmer; EXP -Number of years of farmers' experience in rice production; EXT -Farmer access to extension services (contact = 1; no contact = 0).
RESULTS AND DISCUSSION
The respondents from Hohoe district were female dominated, constituting about 66%, while those from Ejura-Sekyedumase and Tolon-Kumbungu were mainly males. On the whole about 61% of the respondents were male. The average age of the farmers interviewed was about 41 years old. This is an important indication of the experience of the farm households in agriculture and for that matter rice production. The average age of the farmers also suggests that the average farmer can be involved in rice farming for the next two decades.
Adoption of improved varieties
On the average, about 4 traditional varieties were identified with each community. About 3 of the traditional varieties are upland varieties. At least one upland NERICA variety was identified in each of the communities in Ejura-Sekyedumase and Hohoe. Again in Ejura one modern upland NARS variety was identified with the communities. The communities in Hohoe have at least 1 old upland and 1 old lowland NARS varieties. The villages in Tolon-kumbungu also registered 5 old lowland varieties (Tables 1 and 2) .
Nearly half of the sampled farmers in the study have knowledge of at least an improved variety of rice. This is much higher for farmers in Tolon-Kumbungu where over90% of the farmers have knowledge of improved rice varieties (Table 3 ). The situation is so because of a number of reasons. For example, the farmers of Tolon-Kumbungu by virtue of their proximity to research institutions such as Savanna Agricultural Research Institute (SARI) and the University for Development Studies (UDS) are more likely to be aware of the existence of improved rice varieties. Besides, a key informant indicated that most of the new rice varieties that have been developed in the country were vigorously promoted in the north of Ghana (Alhassan et al., 2004) . Exposure to NERICA varieties is generally on the low side with an average rate of about 6% on the whole. There is however wide variations in the NERICA exposure across the districts. Specifically, about 18% of the farmers in Ejura-Sekyedumase district are exposed to NERICA varieties while about 2 and 1% from Hohoe and Tolon-Kumbungu respectively have knowledge of NERICA varieties, even though they have knowledge of the NARS varieties (Table 3) .
Similarly, for the same reason, the adoption of improved rice is higher among farmers in Tolon-Kumbungu. But the adoption of NERICA varieties is about 6% of the total sample. The same disparity exists across the districts for NERICA, with about 18% in Ejura-Sekyedumase, 2% in Hohoe and 1% in Tolon-Kumbungu (Table 4 ).
Determinants of exposure and adoption
Exposure to improved varieties in the study area is affected by the experience of the farmers in rice production, access to education and the location of the farmer (at 5% level of significance). All the variables mentioned have positive effect on exposure such that the rate of exposure is expected to increase with an increase in the years of experience in rice farming, access to education and proximity to research institutions (Table 5) . Marfo et al. (2008) find that informal systems (including farmer experience and proximity to an adopter) can also result in relatively fast spread and extensive adoption of new varieties.
Based on the Probit adoption model, age and access to extension services are shown to have significant effect on adoption. Adoption here refers to the use of any of the improved rice varieties by the farmer. The results suggest that younger farmers who are more aggressive and not unduly risk averse are more likely to adopt improved rice varieties. Extension as a source of information on the potential and agronomic requirements of improved rice varieties is very necessary for adoption (Table 6) .
Results from the parametric estimation of adoption incidence rate are also presented in Table 7 . The potential adoption rate for the entire population is estimated at about 91%. About 92% of the exposed farmers are also expected to adopt improved rice varieties. The expected rate of adoption among the unexposed farmers is also estimated at about 90% (Table 7) . Due to incomplete diffusion of improved rice varieties there is an adoption gap of about 44%. Moreover, there is no significant difference between the rate of adoption among the exposed and unexposed farmers (Table 7) . Yoko (2008) found that in Uganda the adoption of NERICA rice varieties is influenced also by opportunity cost and risks faced by households, in addition to farmer exposure to the varieties.
CONCLUSIONS AND RECOMMENDATIONS
Despite the steady improvements in the rice production indicators over the years, rice productivity is still low in Ghana, below 1 mt/ha. This situation is worrying as Ghana continues to depend on imports to make up for the gap between domestic rice production and demand. The situation is further worsened by the low exposure and uptake of improved rice varieties including NERICA in the study areas, especially in Ejura-Sekyedumase and Hohoe districts. There is however the opportunity to improve the level of exposure and adoption if proper targeting of households is done. The study shows that experience, education and location are important determinants of exposure, while age and access to extension are also shown to affect adoption. The results of the study have further indicated a higher potential for adoption by both the exposed and unexposed farmers. The existing adoption gap can therefore be minimized if the promotional activities are improved to include the majority of the rice producers in both the ARI project and non project areas. A key recommendation emanating from the study is that much effort and resources should be invested in promotional activities to facilitate both the exposure and adoption of the NERICAs among farmers in Ghana.
